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1 These authors contributed equally and thus shareKlotho-hypomorphic (Klothohm) mice suffer from renal salt wasting and hypovolemia despite hyper-
aldosteronism. The present study explored the effect of Klotho on renal Na+/K+ ATPase activity.
According to immunohistochemistry and confocal microscopy Na+/K+ ATPase protein abundance
in isolated collecting ducts was lower in Klothohm mice than in their wild type littermates
(Klotho+/+). Analysis with dual electrode voltage clamp recording showed that expression of Klotho
in Xenopus oocytes increased the Na+/K+ ATPase pump current. Treatment of Xenopus oocytes with
Klotho protein similarly increased the pump current. In conclusion, Klotho increases the membrane
abundance and activity of the Na+/K+ ATPase. Decreased Na+/K+ ATPase activity could thus contribute
to the volume-depletion of klothohm mice.
Structured summary of protein interactions:
Na+/K+ ATPase alpha-1 physically interacts with Klotho by anti bait coimmunoprecipitation (View
interaction).
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Klotho is a transmembrane protein with particularly strong
expression in kidney, parathyroid glands and choroid plexus
[1,2]. The extracellular domain of Klotho may be cleaved off and
shed into the cerebrospinal ﬂuid and blood [3,4]. Klotho expression
is a major determinant of ageing and life span [5,6]. As shown in
mice, Klotho deﬁciency accelerates ageing leading to death within
less than ﬁve months [5]. Conversely, Klotho overexpression leads
to substantial extension of life span [6,7].
Klotho participates in the inhibitory effect of FGF23 on the
formation of 1,25(OH)2D3 [8] and Klotho deﬁciency causes hyper-
calcemia, hyperphosphatemia and vascular calciﬁcation [5,6],
effects partially attributed to disinhibition of 1,25(OH)2D3 forma-
tion [2,9,10] with 1,25(OH)2D3-dependent stimulation of intestinal
and renal Ca2+ and phosphate transport [9,11]. Along those lines,
treatment with a vitamin D-deﬁcient diet increases the life span
of Klotho-deﬁcient mice [6]. Severely Klotho-hypomorphic mice
(Klothohm) expressing almost no Klotho protein [5] have beenchemical Societies. Published by E
Institut, der Universität Tüb-
: +49 7071 29 5618.
Lang).
ﬁrst-authorship.shown to suffer from severe extracellular volume depletion leading
to hypotension despite markedly increased aldosterone release
[12]. The effect is presumably in part due to effects of
1,25(OH)2D3 and of hypercalcemia on renal tubular Na+ reabsorp-
tion [12]. Beyond that Klotho may more directly inﬂuence renal
tubular Na+ transport. Of note, Klotho deﬁciency has been shown
to inﬂuence the Na+/K+ ATPase activity in parathyroid glands [13].
The present study aimed to deﬁne the effect of Klotho on the
Na+/K+ ATPase. To this end, the abundance of the Na+/K+ ATPase
protein was determined in isolated collecting ducts from Klothohm
and Klotho+/+ mice. In addition, the Na+/K+ ATPase pump activity
was determined by dual electrode voltage clamp in Xenopus oo-
cytes injected with either water or with cRNA encoding Klotho.
2. Materials and methods
2.1. Mice
All animal experiments were conducted according to the guide-
lines of the American Physiological Society as well as the German
law for the welfare of animals and were approved by local author-
ities. Klothohm mice were compared to wild type littermates
(Klotho+/+). The origin of the mice, breeding and genotyping were
described previously [5].lsevier B.V. All rights reserved.
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Nephron segments were isolated as previously described [14].
Brieﬂy, cortical pieces of mouse kidney were incubated in PBS con-
taining 178 IU/mL collagenase type 2 (Worthington Biochemical
Corp., Freehold, NJ, USA) for 15–30 min at 37 C. The cortical neph-
ron segments were collected in PBS under 50 magniﬁcation at
4 C, and placed on glass coverslips for further staining.
2.3. Immunoﬂuorescence
For immunoﬂuorescence, collecting tubules were isolated and
antigen retrieval was performed by boiling the slides in a pressure
cooker in 10 mM sodium citrate buffer at pH 6.0 for 10 min.
Sections were cooled 30 min on bench top and brieﬂy rinsed in
dH2O and 1 PBS for 5 min each. To reduce non-speciﬁc
background staining, slides were incubated with 5% normal goat
serum/1 PBS/0.3% Triton for 1 h at room temperature and then
washed twice in PBS for 3 min. Then, the slides were incubated
overnight at 4 C with rabbit anti-Na+/K+ ATPase (1:200, Abcam,
Cambridge, UK) antibody. After three rinses in 1 PBS for 10 min
each section was incubated with the secondary FITC-goat anti-
rabbit antibody (1:1000, Invitrogen, UK) for 1.5 h at room temper-
ature. Nuclei were stained with DRAQ-5 dye (1:1000, Biostatus,
Leicestershire, UK) for 5 min at 37 C. The slides were mounted
with ProLong Gold antifade reagent (Invitrogen). Images were
taken on a Zeiss LSM 5 EXCITER Confocal Laser Scanning Micro-
scope (Carl Zeiss MicroImaging GmbH, Germany) with a water
immersion Plan-Neoﬂuar 40/1.3 NA DIC.
2.4. Quantitative RT-PCR
Total RNA was isolated from mouse kidney by using the Trifast
Reagent (Peqlab, Erlangen, Germany). Reverse transcription of
1 lg RNA was performed using oligo(dT)12–18 primers and Super-
Script II Reverse Transcriptase (Invitrogen, Karlsruhe, Germany).
To determine Atp1a1 transcript levels, quantitative real-time PCR
with the BioRad iCycler iQTM Real-Time PCR Detection System
(Bio-RadLaboratories, Hercules, CA)was appliedusing the following
primers: 50- GGGGTTGGACGAGACAAGTAT -30 (Atp1a1 sense), 50- C
GGCTCAAATCTGTTCCGTAT -30 (Atp1a1 antisense), 50-AGGTCGGT
GTGAACGGATTTG-30 (Gapdh sense), 50-TGTAGACCATGTAGTTGAGG
TCA-30 (Gapdh antisense).
PCR reactions were performed in a ﬁnal volume of 20 ll
containing: 2 ll cDNA, 0.5 lM of each primer, 10 ll iTaqTM Sybr
Green Supermix with ROX (Bio-Rad Laboratories, Hercules, CA)
and sterile water up to 20 ll. qPCR conditions were 95 C for
3 min, followed by 40 cycles of 95 C for 10 s and 55 C for 30 s.
The speciﬁcity of the PCR products was conﬁrmed by analysis of
a melting curve and in addition with a 2% agarose gel. Calculated
mRNA expression levels were normalized to the expression levels
of GAPDH of the same cDNA sample. Relative quantiﬁcation of
gene expression was performed using the DDct method.
2.5. Voltage clamp experiments
For the generation of cRNA, a construct encoding wild type
murine Klotho [Imagenes, Berlin, Germany] was used. The homol-
ogy between the human full length and the murine full length
Klotho is 96%, the homology of the secreted human Klotho and
the secreted murine Klotho is 95% [NCBI—Blast two sequences].
The cRNA was generated as described previously [15]. For voltage
clamp analysis, Xenopus oocytes were prepared as previously
described [16]. Oocytes were injected with 10 ng cRNA encoding
Klotho on the ﬁrst day after preparation of the Xenopus oocytes.
All experiments were performed at room temperature (about22 C) three days after the injection. Two-electrode voltage-clamp
recordings were performed at a holding potential of 30 mV [17].
The data were ﬁltered at 10 Hz and recorded with a GeneClamp
500 ampliﬁer, a DigiData 1300 A/D-D/A converter and the pClamp
9.0 software packages for data acquisition and analysis (Axon
Instruments, USA). The control bath solution (superfusate/ND96)
contained 96 mM NaCl, 2 mM KCl, 1.8 mM CaCl2, 1 mM MgCl2
and 5 mM HEPES, pH 7.4. The ﬁnal solutions were titrated to pH
7.4 using NaOH. The ﬂow rate of the superfusion was 20 ml/min,
and a complete exchange of the bath solution was reached within
about 10 s. To determine electrogenic transport by the Na+/K+
ATPase, the oocytes were incubated for 4 h in a potassium-free
solution containing 96 mM NaCl, 1.8 mM CaCl2, 1 mM MgCl2,
5 mM HEPES and 25 mM sucrose titrated to pH 7.4 using NaOH.
Subsequently, the oocytes were exposed to the same solution
containing, in addition, 5 mM BaCl2 (replacing 15 mM sucrose)
for inhibition of K+ channels. Then, 5 mM KCl (replacing 10 mM
sucrose) was added in the continuous presence of BaCl2. Where
indicated, ouabain (1 mM; Calbiochem, Bad Soden, Germany),
D-saccharic acid 1,4 lactone (10 lM; Sigma, Schnelldorf, Germany)
or the extracellular domain of human Klotho (30 ng/ml; Glu34-
Ser981, R&D Systems, Wiesbaden, Germany) was added.
2.6. Biotinylation and western blotting
The membrane abundance of the endogenous Na+/K+ ATPase a
subunit was analyzed by surface biotinylation. Thirty intact
healthy oocytes were incubated in Sulfo-NHS-LC-Biotin (1 mg/ml,
Pierce, Rockford, IL, USA) for 30 min at room temperature and
washed ﬁve times for 10 min in ND96. The oocytes were homoge-
nized with a pestle in buffer H (100 mM NaCl, 20 mM Tris–HCl, pH
7.4, 1% TritonX-100 and Complete Protease Inhibitors [Roche Diag-
nostics GmbH, Mannheim, Germany]). The samples were kept at
4 C for 1 h on a rotator and then centrifuged for 2 min at
13 000 rpm. After measurement of the protein concentration
(Bradford assay), 50 lg of proteins were used for the total protein
western blot. Five hundred lg of proteins were supplemented with
25 ll washed immobilized NeutrAvidin Agarose beads (Pierce,
Rockford, IL, USA) and incubated at 4 C overnight on a rotator.
The beads were then pelleted by a 2 min centrifugation at
13 000 rpm and washed in buffer H (ﬁve times). Proteins were
solubilized in Roti-Load1 Buffer (Carl Roth GmbH, Karlsruhe,
Germany) at 95 C for 10 min, separated on a 10% SDS–polyacryl-
amide gel and transferred to nitrocellulose membrane. After block-
ing with 5% non-fat dry milk in TBS 0.1% Tween20 for 1 h at room
temperature, the blots were incubated overnight at 4 C with goat
anti-Na+K+ ATPase a1 antibody (diluted 1:500, Santa Cruz, Heidel-
berg, Germany). After washing (TBST), the blots were incubated
with anti-goat HRP-conjugated antibody (diluted 1:2000, Cell Sig-
naling, Danvers, MA, USA) for 1 h at room temperature. For loading
control the blot was stripped in stripping buffer (Carl Roth GmbH,
Karlsruhe, Germany) at 56 C for 30 min. After washing with TBST
the blot was blocked with 5% non-fat milk in TBST for 1 h at room
temperature. The blot was then incubated with a rabbit anti-
GAPDH antibody (diluted 1:1000, Cell Signaling Technology, Dan-
vers, MA, USA) at 4 C overnight. After washing with TBST, the blot
was incubated with anti-rabbit HRP antibody (diluted 1:1000, Cell
Signaling Technology, Danvers, MA, USA) for 1 h at room tempera-
ture. Antibody binding was detected with the ECL detection
reagent (Amersham, Freiburg, Germany). Bands were quantiﬁed
with Quantity One Software (Bio-Rad, München, Germany).
2.7. Immunoprecipitation
A wild type murine kidney was lysed with ice cold lysis buffer
(50 mM Tris–HCl (pH 7.4), 50 mM NaCl, 1 mM EDTA, 0.5 mM dithi-
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PMSF and Complete Protease Inhibitors [Roche Diagnostics GmbH,
Mannheim, Germany]) and centrifuged at 17 000 rpm for 20 min.
Two mg of proteins were added to a ﬁnal volume of 1 ml lysis
buffer containing 2 lg of goat polyclonal Na/K ATPase a1 primary
antibody (Santa Cruz, Heidelberg, Germany) and incubated over-
night at 4 C. As a negative control samples without the Na/K ATP-
ase a1 primary antibody were used. Twenty ll of protein G
(Invitrogen, Darmstadt, Germany) were added and incubated for
another 5 h at 4 C. The pellets were collected by centrifugation,
washed three times with lysis buffer, resuspended in 30 ll Lae-
mmli buffer 2 and boiled for 10 min at 95 C. As a positive control
100 lg of total proteins were used. Proteins were separated on an
8% SDS–polyacrylamide gel and transferred to a nitrocellulose
membrane. After blocking with 5% non-fat dry milk in TBS 0.1%
Tween20 for 1 h at room temperature, the blots were incubated
overnight at 4 C with goat anti-Na/K ATPase a1 antibody (diluted
1:500, Santa Cruz, Heidelberg, Germany) or rat anti-Klotho anti-
body (diluted 1:1000, 2076, kindly provided by the Kyowa Hakko
Kirin Co., Ltd., Japan). After washing (TBST), the blots were incu-
bated with anti-goat HRP-conjugated antibody (diluted 1:2000,
Cell Signaling, Danvers, MA, USA) or anti-rat HRP-conjugated anti-
body (diluted 1:1000, Cell Signaling, Danvers, MA, USA) for 1 h at
room temperature. Antibody binding was detected with the ECL
detection reagent (Amersham, Freiburg, Germany). Bands were
quantiﬁed with Quantity One Software (Bio-Rad, München, Ger-
many). Where indicated, goat IgG (Santa Cruz) was used as nega-
tive control.
2.8. Statistics
Data are provided as means ± S.E.M., n represents the number of
oocytes studied. All data were tested for signiﬁcance using the sta-
tistical tests indicated in the ﬁgure legends.Fig 1. Na+/K+ ATPase transcript levels in whole kidneys and protein expression in isolate
(n = 6–8 RT-PCR analyses of 3–4 kidneys) of Na+/K+ ATPase mRNA abundance relative
Immunoﬂuorescence of Na+/K+ ATPase (green) protein abundance in isolated collecting d
were acquired under identical confocal microscope acquisition settings. (C) Original wes
tubulin (lower lane) in kidneys from Klothohm and Klotho+/+ mice.3. Results
3.1. Decreased Na+/K+ ATPase expression in Klotho-hypomorphic mice
Quantitative real time PCR was employed to determine whether
Klotho deﬁciency affects the Na+/K+ ATPase transcript levels in
renal tissue. As illustrated in Fig. 1A, the Na+/K+ ATPase transcript
levels were signiﬁcantly higher in kidneys from Klothohm mice than
in kidneys from Klotho+/+ mice. An additional series of experiments
was performed to test whether the differences in transcript levels
are paralleled by similar differences in protein abundance. To this
end, immunoﬂuorescence and subsequent confocal microscopy
were applied to renal collecting ducts from Klothohm and Klotho+/+
mice. As illustrated in Fig. 1B, the abundance of the Na+/K+ ATPase
protein was lower in Klothohm mice than in Klotho+/+ mice. Western
Blotting conﬁrmed earlier results showing a dramatic reduction of
Klotho protein expression in kidneys from Klothohm mice (Fig. 1C)
3.2. Stimulation of Na+/K+ ATPase activity by Klotho
K+-induced pump currents were taken as a measure of Na+/K+
ATPase activity. To this end, the Xenopus oocytes were ﬁrst prein-
cubated for 4 h in K+-free solution, thereafter superfused for a
few minutes with K+-free bath solution and subsequently the K+-
channel blocker Ba2+ (5 mM) added to abrogate K+ ﬂuxes through
K+ channels. The readdition of K+ was followed by an outwardly di-
rected pump current due to electrogenic extrusion of 3 Na+ in ex-
change for 2 K+ (Fig. 2A,B). Most importantly, the K+-induced pump
current was signiﬁcantly higher in Klotho-expressing Xenopus oo-
cytes than in water-injected oocytes (Fig. 2B). The pump current
was abrogated in the presence of the Na+/K+ ATPase inhibitor oua-
bain (1 mM). Conversely, application of ouabain (1 mM) was fol-
lowed by an inward current due to inhibition of the pump
current (Fig. 2A,C). The ouabain-sensitive current was again signif-d collecting ducts from Klotho+/+ and Klothohm mice. (A) Arithmetic means ± S.E.M.
to the GAPDH mRNA abundance in kidneys from Klothohm and Klotho+/+ mice. (B)
ucts from Klothohm and Klotho+/+ mice (n = 4). The nuclei are stained blue. All images
tern blots demonstrating the expression of Klotho protein (upper lane) and alpha-
Fig 2. Enhancement of Na+/K+ ATPase activity in Xenopus oocytes by expression of Klotho. (A) Original tracings of oocytes injected with water (left panel) or injected with
Klotho cRNA (right panel) illustrating the addition of K+ channel blocker Ba2+, of K+ and of ouabain. (B) Arithmetic means ± S.E.M. (n = 22) of the K+-induced current measured
in Xenopus oocytes injected with water (white bar) or with cRNA encoding Klotho (black bar). ⁄indicates signiﬁcant difference from water-injected Xenopus oocytes (Mann–
Whitney-Test; P < 0.05). Six batches of oocytes were used. (C) Arithmetic means ± S.E.M. (n = 22) of the ouabain-sensitive current measured in Xenopus oocytes injected with
water (white bar) or with cRNA encoding Klotho (black bar). ⁄indicates signiﬁcant difference fromwater-injected Xenopus oocytes (Mann–Whitney-Test; P < 0.05). Six batches
of oocytes were used. (D) Original western blots (left panel) of surface Na+/K+ ATPase expression of Xenopus oocytes injected with water ( Klotho) or with cRNA encoding
Klotho (+ Klotho). Arithmetic means ± S.E.M. (n = 6, right panel) of the Na+/K+ ATPase band intensity. The values were normalized to the Na+/K+ ATPase band intensity in
oocytes injected with water. ⁄indicates signiﬁcant difference (P < 0.05) from ‘‘1’’ (One-sample t-test). (E) Arithmetic means ± S.E.M. (n = 4) of total Na+/K+ ATPase expression in
Xenopus oocytes injected with water ( Klotho) or with cRNA encoding Klotho (+ Klotho). The values represent the density of the Na+/K+ ATPase band relative to the GAPDH
band.
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tho than in oocytes injected with water (Fig. 2A,C). Thus, Klotho
enhanced the endogenous Na+/K+ ATPase activity. Biotinylation of
the oocyte surface proteins and subsequent Western Blotting re-
vealed that expression of Klotho slightly but signiﬁcantly increased
the membrane expression of Na+/K+ ATPase (Fig. 2D) whereas the
total cellular Na+/K+ ATPase expression was not appreciably altered
by Klotho expression (Fig. 2E).
3.3. Treatment with Klotho protein mimics the effect of Klotho
expression
Additional experiments were performed to elucidate whether
the up-regulation of the Na+/K+ ATPase activity requires the full
length protein or could be elicited by the extracellular domain.
As shown in Fig. 3A, the treatment of Xenopus oocytes with the
extracellular domain of Klotho was followed by a signiﬁcant
increase in Na+/K+ ATPase activity. Further experiments explored
whether the effect of Klotho was sensitive to the inhbitor of the
Klotho-intrinsic b-glucuronidase activity, D-saccharic acid 1,4
lactone [18]. As shown in Fig. 3B, D-saccharic acid 1,4 lactone
signiﬁcantly attenuated the Klotho-dependent increase in Na+/K+
ATPase pump activity. Thus, the b-glucuronidase activity of Klotho
is required for the stimulating effect of Klotho on Na+/K+ ATPase
pump activity.3.4. Interaction of Klotho with Na+/K+ ATPase
A possible interaction of Klotho with Na+/K+ ATPase was studied
by coimmunoprecipation. As shown in Fig. 4, Klotho was readily
detectable in immunoprecipitates prepared with antibody aganist
Na+/K+ ATPase, whereas no Klotho was detected in the controls
without antibody (upper panel) or with non-speciﬁc immunoglob-
ulin (goat IgG; lower panel).4. Discussion
The present observations disclose a stimulating effect of Klotho
on the Na+/K+ ATPase activity, as evident from enhanced Na+/K+
ATPase activity in Xenopus oocytes following coexpression of Klo-
tho or treatment with Klotho protein. Accordingly, the Na+/K+ ATP-
ase protein abundance is decreased in collecting ducts from
Klothohm mice. The Na+/K+ ATPase protein abundance is decreased
despite an increase in renal Na+/K+ ATPase transcript levels. The
enhanced Na+/K+ ATPase transcription may be secondary to the
hyperaldosteronism of those mice [12], which is expected to stim-
ulate the expression of the Na+/K+ ATPase [19]. The decreased Na+/
K+ ATPase protein abundance is consistent with an earlier study
demonstrating a stimulating effect of Klotho on the Na+/K+ ATPase
activity in parathyroid glands [13].
Fig 3. Treatment with Klotho protein increases Na+/K+ ATPase activity in Xenopus oocytes. (A) Arithmetic means ± S.E.M. (n = 14–19) of the K+-induced currents (left panel)
and ouabain-sensitive current (right panel) measured in Xenopus oocytes without (open bars) or with (closed bars) a 24 h treatment with the extracellular domain of human
Klotho. Three batches of oocytes were used. ⁄⁄⁄indicates signiﬁcant difference from water-injected Xenopus oocytes (Mann–Whitney-Test; P < 0.001). (B) Arithmetic
means ± S.E.M. (n = 3–9) of the Na+/K+ ATPase-dependent pump current measured in Xenopus oocytes injected with water (white bars) or with cRNA encoding Klotho (black
bars). Prior to the measurement, the oocytes were incubated without (left bars) or with 10 lM of the b-glucuronidase inhibitor D-saccharic acid 1,4 lactone (right bars) for
three days. One to two batches of oocytes were used. ⁄⁄⁄indicates signiﬁcant difference from water-injected Xenopus oocytes (Kruskal–Wallies-Test; P < 0.001). #indicates
signiﬁcant difference from absence of D-saccharic acid 1,4 lactone (P > 0.05).
Fig 4. Interaction of Klotho with Na+/K+ ATPase. Klotho (upper lanes) and Na+/K+ ATPase (lower lanes) in total lysate from wild type murine kidney (left lanes) or lysates from
wild type murine kidney subjected to immunoprecipitation in the presence (middle lanes) or absence (upper panel, right lanes) of anti-Na+/K+ ATPase antibody or in the
presence (lower panel, right lane) of goat IgG. The results of four independent experiments are shown.
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ducts from Klothohm mice may result from accelerated degradation
of the pump protein. Klotho has been shown to be effective as an
enzyme modifying glycoproteins in the cell membrane [20,21].
Depending on the membrane protein the effect of Klotho may
either accelerate [21] or delay [20] degradation of membrane pro-
teins. The effect of Klotho protein on Na+/K+ ATPase activity in
Xenopus oocytes is reversed by the beta-glucoronidase inhibitor
D-saccharic acid 1,4 lactone and is thus secondary to its function
as an enzyme. Similar to what has been shown for the Ca2+ channel
TRPV5 [20], the beta glucoronidase activity of Klotho increasesNa+/K+ ATPase activity presumably by stabilizing the pump protein
in the membrane.
The effect of Klotho in Xenopus oocytes is obviously direct and
does not require the participation of hormones. Beyond that Klotho
may in vivo inﬂuenceNa+/K+ ATPase activity and renal salt excretion
indirectly. Klotho has previously been shown to augment the signal-
ing of FGF23 [6]. Together with FGF23, Klotho inhibits the 1a-
hydroxylase and thus decreases the 1,25(OH)2D3 production
[2,10,22]. Accordingly, Klotho deﬁciency results in excessive
formation of 1,25(OH)2D3 [2,10,22] with subsequent stimulation
of intestinal and renal Ca2+ and phosphate transport [9,11]. The
1764 M. Sopjani et al. / FEBS Letters 585 (2011) 1759–1764excessive 1,25(OH)2D3 formation leads to increase in plasma Ca2+
[23] and phosphate [11] concentration in Klotho-deﬁcient mice
[2,10,22]. Vitamin D restriction partially reverses the accelerated
ageing and early death [2], the growth deﬁcit [2] and the premature
erythrocyte death [24] of Klotho-deﬁcient mice. 1,25(OH)2D3 and
the 1,25(OH)2D3-induced hypercalcemia contribute to the renal salt
loss of Klotho-deﬁcientmice [12]. However, the volumedepletion of
Klotho deﬁcient-mice is only ameliorated but not reversed by Ca2+-
deﬁcient diet [12]. Thus, additional, 1,25(OH)2D3 and Ca2+-indepen-
dent mechanisms must have contributed to the renal salt loss in
those mice. Those mechanisms include the Klotho sensitivity of
Na+/K+ ATPase protein abundance and activity in the cell membrane
described in the present study.
In conclusion, the present observations suggest a stimulating
effect of Klotho on the Na+/K+ ATPase protein abundance and func-
tion. The effect may contribute to the volume depletion in Klotho-
deﬁcient mice.
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